This paper focus on the need of energy efficiency monitoring of the distribution system and its equipments and presents a design of a portable energy efficiency monitoring device that has the feature of multi-point online monitoring and remote wireless networking. The main contents include the detailed design and improvement of the FFT harmonic analysis algorithm which is applied to the device, then the double spectral lines interpolation algorithm with hanning window is adopted in the paper and the FPGA and dual DSPs are chosen as the core hardware architecture of the acquisition terminal, also the overall system topology is design and shown after that. A large number of experiments conducted for the system proved that the device integrates remote multi-point online monitoring of the power quality and mobile inspection, which meets the actual needs of the power industry, hence the design in this paper owns both high theoretical reference value and practical value.
INTRODUCTION
With the role played in the national economic development increasingly prominent, electric energy as a sustainable energy attracted growing attention and there is a growing demand for power quality in all walks of life [1] . At present, the state is vigorously developing the Demand Side Management (DSM) platform, so energy conservation, analysis for energy efficiency monitoring data and other aspects are studied and many standards are established for improving the quality of power monitoring equipment and ensuring the safety and stable operation of power monitoring system [2] . The device designed in this paper synthesizes the advantages of the three main types of energy efficiency monitoring instruments on the market, namely hand-held type, portable type and remote type, and an intelligent portable energy efficiency device is designed with the advantages of miniaturization, low-cost and the ability to continuously monitor of multiple multipoint, which aim to realize the measurement, presentation and upload of data of seven typical energy-using systems, such as distribution transformer, distribution network reactive ________________________ School of Automation, Wuhan University of Technology, Wuhan, Hubei Province, China 430000 power, distribution network wiring, motor, lighting, air conditioner and boiler. Further, a complete measurement and analysis system can be formed by the combination of data analysis and function system of the energy efficiency monitoring software matched with the master station.
Obviously, the precise detection of harmonic content is the most fundamental part of power quality analysis. This paper studies and compares several mainstream harmonic detection algorithms and then a harmonic monitoring algorithm which is suitable and high performance for the device is proposed in detail and be proved by the simulation. Furthermore, considering with the actual status of the power industry, the GPRS wireless communication technology is chosen to achieve online monitoring and wireless networking, and a human-computer interaction and information display system with Qt framework are established and run on an embedded LINUX system in the terminal to ensure the practicality and scalability. The overall topology structure of the multi-point online monitoring system based on the master system is shown at the end of the paper.
DESIGN OF HARMONIC DETECTION ALGORITHM

Why Choose FFT Algorithm
At present, there are already some mature theories and algorithms in the field of harmonic detection, so the comparative analysis of several mainstream algorithms is shown as follows in Table 1 
Wavelet Transform Algorithm
It can get the best resolution in the time and frequency domains [4] .
The parameters of harmonics and inter-harmonics can't be directly obtained and the algorithm is more complicated.
Based on the above analysis and comparison, it can be seen that the Instantaneous Reactive Power Theory can't obtain the each harmonics and the Wavelet Transform Algorithm is more complicated and the area where it excels is transient analysis [5] [6] . However, the main objects need to be detected in the design are the amplitude and phase of each harmonic, moreover, the main target is steady-state analysis, so the accurate detection of transient changes of harmonics is not required, obviously Fast Fourier Transform (FFT) algorithm is the best choice to be the core algorithm for harmonic monitoring and some practical improvements are made for using.
Improvement of FFT Algorithm
First, without considering the existence of inter-harmonics, the grid voltage is idealized as the mathematical model (1):
In formula (1), A 0 2 ⁄ is the direct component, is the nth harmonic amplitude, f 0 is the fundamental frequency, and φ n is the nth harmonic initial phase angle. The signal x (t) is uniformly sampled at frequency to obtain a discrete sequence {x(n)} and from the following iterative formula of the FFT algorithm, the complex sequence {X (n)} in the frequency domain can be quickly calculated:
Thus the formula for the amplitude and phase of the kth harmonic can be obtained from Eqs. (2) and (3). When the sampling frequency = 0 * , the amplitude formula is:
Phase formula is: 
The harmonic parameters of the current can also be calculated in the same way. However, the results obtained by the above formula are different from the actual values. The errors mainly come from three aspects:
A. When x (t) contains components with frequencies above 2 ⁄ ( is the sampling frequency), frequency aliasing occurs according to the Shannon sampling theorem [7] ; B. According to the theory of Discrete Fourier Transform, the signal sampling is equivalent to truncating it. However, the fundamental frequency of the power system always has slight fluctuations, and the delay of signal and noise interference in the sampling process makes it difficult to achieve complete synchronous sampling, which results in the cyclical extension of the original signal deviation, the energy of the frequency point can not be all focused but scattered to the surrounding spectral lines. That is the phenomenon of spectrum leakage.
C. When using FFT to analyze the signal, the obtained signal spectrum is a series of discrete values with the Picket Fence Effect [8] , which makes the detection of inter-harmonic power in the power system limited, and the large inter-harmonic content will adversely affect the detection accuracy of harmonics. Now the FFT algorithms are improved to reduce these errors. Improve the sampling frequency and adding a front-end anti-aliasing filter to filter out high-frequency components will reduce the error caused by A. For B, it's proved effective to use a window function such as hanning window to process the sequence and then perform FFT operations, and the error caused by the Picket Fence Effect can be corrected by interpolating the result of the FFT operation. The following is the detailed description.
First, suppose that there is a single continuous frequency signal x(t), and obtain the discrete signal as shown in Eq. (6) with as the sampling frequency, where 0 is the signal frequency, A is the amplitude and θ is the initial phase:
The Fourier transform of the signal after windowing is given by Eq. (7), and w (n) is the time domain of the window function.
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Neglecting the influence of the sidelobe of the negative frequency point, the continuous spectral function expression near the positive frequency point 0 as shown in Equation (8) can be obtained.
The discrete spectral expression of the formula (8) is as shown in the formula (9), where the discrete frequency interval is ∆f= f s N ⁄ , and N is the truncated data length;
The peak frequency f 0 =k 0 *∆f is generally not meet the frequency of the discrete spectral line during non-synchronous sampling, but located between two adjacent spectral lines which have the largest and the second largest amplitudes. Assuming that the two spectral lines are the 1 and 2 lines, it is clear that 1 ≤ 0 ≤ 2 = 1 + 1. Then find the largest and second largest spectral line in the discrete spectrum and obtain the value of 1 and 2 . Let these two spectral line values be 1 
It is difficult to find 0 directly from 1 and 2 , so an auxiliary parameter α introduce during the calculating, and α = 0 − 1 − 0.5， ∈ [−0.5,0.5]. Then another auxiliary parameter β and β = ( 2 − 1 ) ( 2 + 1 ) ⁄ . Equation (10) can be obtained by substituting 1 and 2 by variable substitution.
Let α = g(β) by using polynomial fitting, so as to approximate the calculation of α, and then 0 can be obtained. The bimodal line method uses both the largest spectral line and the second at the same time when modifying the amplitude, and uses the formula (11) to carry out the weighted average of the amplitude of two spectral lines.
It can be further simplified to the following formula by polynomial fitting for approximate calculation that A=N -1 *(y 1 +y 2 )*v(α). The window function of hanning window is:
The simple and practical correction formula for the amplitude and phase obtained by polynomial fitting is given as follow. Amplitude correction formula is: 
Phase angle correction formula is:
In short, the principle of the double spectral lines interpolation algorithm is that the harmonic amplitude, phase angle and frequency are corrected by fitting the strongest line and the second strong line close to the peak point, which is shown in the following flowchart:
The sample sequence 
Algorithm Simulation
In order to verify the accuracy of the double spectral lines interpolation FFT algorithm with hanning window, the algorithm is simulated in MATLAB. Verification of the validity of the algorithm is the main purpose of the simulation so the simulation is only for 2-11th harmonic, and Harmonic source is set to ( ) Table 2 . To simulate the asynchronous sampling phenomenon that occurs during harmonic monitoring, the fundamental frequency was set to 49.8Hz, the power system in most cases pay more attention to harmonic amplitude, so Table 2 shows the comparison between the magnitude of the amplitude calculation results of the traditional FFT algorithm and the improved FFT algorithm. Simulation results show that, compared with the traditional FFT, the improved FFT algorithm in this paper can almost double harmonic detection accuracy to meet the practical application requirements.
SYSTEM STRUCTURE The Design of Acquisition Terminal
The predetermined design requirements include the need to be able to monitor two channel 3-phase 4-wire voltage and current, as well as 8 non-power sensor signals and harmonic monitoring required to accurately detect 1-25th harmonics whose accuracy requirements is 0.5% [9] . Relative to the microcontroller and ARM, DSP has more powerful data computing and processing capabilities, so the choice is TI's TMS320F28335 (A and B in Figure 2 ). The chip own more efficient implementation of complex floating-point calculation and it has the advantages of low cost, high precision, low power consumption, etc. However, since it has only 12 bits of A/D conversion digits, measuring about 15th harmonic can result in an error of about 1.67% [10] . Therefore, two 14-bit sampling accuracy of 8-channel chip A/D converter chip AD7606 are used here as an alternative. The EPM3064ATC44 (C in the figure 2), a low-profile, high-performance FPGA from ALTERA, is used to output synchronous clock signals for two DSP signals and part of its logic resources are used as a memory for the ARM board in which run an embedded system to implement data storage display and human-computer interaction. As the core of the terminal, the DSP acquisition program of the terminal is designed below in the figure 
The Design of System Structure
The diagram of the system topology structure of the device which contains the portable energy-efficient monitoring terminal and a master station system that work with it is shown below in the figure 4, the terminal includes acquisition module, the human-computer interaction and information display module and the communication module, the acquisition module includes a direct reading of measurements of non-electrical quantities (temperature, humidity, pressure, flow) and electrical quantities (voltage, current). The data collected by the terminal is stored and calculated, and the wireless transmission of the monitoring data is realized through GPRS according to the demand and at the same time, the distributed and collected monitoring data are transmitted to the centralized main site in real time so as to realize the unified monitoring and distributed management of the terminal. 
EXPERIMENTS
Harmonic detection as the main function of the portable energy efficiency monitoring equipment test here, the test method is that ZJB902 microcomputer relay protection tester is seen as a standard harmonic generation source and the accuracy of harmonic monitoring is evaluated by comparing the values of each harmonic of the standard harmonic source with the monitoring results of this equipment. The test results of Channel UA1 (one of the eight voltage channels) are shown in Table 3 . The Standard Value is the value of ZJB902 which described before, the Detection Value is the test value of the device designed in this paper. As shown in Table 3 above, the harmonic amplitude detection value of channel UA1 has the error rates that are within 0.5%, which meet the design requirements.
CONCLUSION
After investigating the related research achievements of energy efficiency monitoring technology, this paper summarizes the characteristics of energy efficiency monitoring equipment and puts forward the design scheme of portable energy efficiency device based on the actual demand of power user data monitoring. In addition, the harmonic detection algorithm and embedded software and hardware design are researched and then complete the hardware and software development, installation and commissioning work to produce a prototype device, and the prototype was calibrated and tested. The test results show that the detection accuracy of energy efficiency terminal meets the design requirements and the design scheme is feasible. The design of portable energy efficiency device is characterized by a variety of embedded technology, high integration, capability of multi-point monitoring, the use of GPRS communication technology to achieve a long-distance networking and online monitoring, the use of double spectral lines interpolation algorithm to improve the harmonic detection accuracy. Overall, the device developed in this paper can fit the actual needs of users well and has great research value and practical value.
